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SUMMARY 
A FORTRAN IV computer code for  determining temperature histories in a propellant 
tank due to wall and internal heating was written. The analysis, on which the code is 
based, is presented. The assumptions and approximations made are also discussed. 
Also included are instructions for use of the code, a sample problem, a flow chart and a 
complete listing of the code. 
INTROD U CT ION 
In designing space vehicles using cryogenic liquid propellants, it is necessary to know 
how wall and internal heating affect the temperature distribution within the propellant. 
Many different analytical models have been developed to predict these effects on temper- 
ature profiles. Reference 1 is a review article which discusses the different approaches 
to this problem. An analytical model developed at Lewis Research Center is discussed 
in detail in reference 2. Computer calculations based on that analysis, and presented in 
references 2 to 4 agreed well with experimental data. Recently, renewed interest in the 
problem has led to modifications and expansion of the original code based on the model of 
reference 2. The process of developing the computer code from the theory of reference 2 
is presented i n  this report. Because a thorough treatment of the theory exists in refer- 
ence 2, only the detail necessary to show the development of the computer code is pre- 
sented herein. Also presented are instructions for use of the resulting FORTRAN N 
code, a sample problem, a flow chart, and a complete listing of the code. 
THEORY 
The theory presented in reference 2 was developed for determining the temperature 
The assumed analytical flow model was based on results from small-scale experiments 
performed at Lewis. These experiments are described in reference 5. The results 
showed that, when a subcooled fluid is subjected to both nonuniform internal heating and 
wall heating, two distinct temperature regions are developed. In the lower region the 
fluid is thoroughly mixed and maintains a uniform temperature profile. In the upper 
region or  stratified layer a temperature gradient is formed from the accumulation of 
A A u ~ ~  A A U U I  UIC: uuwiuary h y e r  along the tank walls. This is illustrated in figure l(a) 
for  a typical propellant tank. It was further observed that the temperature profiles in the 
stratified layer exhibited similarity. As used herein similarity is the property that two 
temperature profiles O(X,  t) at different times t differ only by a scale factor in X and 
8. The profile e(X, t) is the temperature difference between T(X, t) and the initial tern- 
perature Ti, and X is the axial position within the tank. (All symbols are defined in 
appendix A. ) The analytical flow model thus assumed that the temperature profile consists 
profiles in an oufflowing subcooled fluid subjected to both wall and internal heating. 1 
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Figure 1. - Schematic diagram of flow model 
'The theory was developed primarily f o r  internal heating caused by nuclear radi- 
ation. However, the theory and resulting computer code are applicable for any form of 
internal or bulk heating, for example, propellant heated by conduction from the tank 
bottom o r  other similar heat sources that contribute to the temperature profile in a 
manner indistinguishable from nuclear radiation heating. 
2 
I 
of two parts: a lower region of constant temperature due to the internal heating and an 
upper region o r  stratified layer that has a temperature profile which exhibits the property 
of similarity and which is due primarily to the heat transfer from the walls. To simplify 
the analysis the following additional assumptions were made: 
(1) The fluid is subjected to a constant ullage pressure with no heat or  mass  transfer 
across  the gas -liquid surface. 
(2) The liquid surface is at saturation temperature corresponding to the constant 
ullage pressure. 
(3) The fluid flows out of the system at a constant rate. 
(4) The heat input to the subcooled fluid originates from two sources: heat transfer 
from the tank walls and heat absorbed internally such as heat from nuclear radiation. 
(5) The heat input does not vary in the radial o r  circumferential directions. 
(6) The resulting temperature profiles do not vary in the radial o r  circumferential 
directions, except for the very thin boundary layer along the tank walls. 
(7) The physical properties of the fluid do not vary appreciably over the temperature 
range involved. These assumptions lead to the following expression for the temperatures 
in the stratified layer 
where 
and 
where eb(t) is the temperature difference (Tb(X, t) - Ti) in the uniform or  bulk temper- 
ature region, Os is the saturation temperature difference (Ts - Ti) corresponding to the 
ullage pressure,  and +(X, t) is a similarity parameter and may be thought of as being 
the contribution to e(X, t) due to wal l  heating. The term f(t) [l - +(X, t)] is the necessary 
contribution of internal heating in the stratified layer to preserve the property of simi- 
larity. A typical profile illustrates the flow model in figure l(b). Because +(X, t) 
vanishes below the stratified layer, equation (1) can be used as the temperature profile 
in the entire fluid. The parameter Q(X, t) is assumed to have the following form 
3 
where %(t) is the axial position of the bottom of the stratified layer, 6(t) is the thickness 
of the stratified layer, and n is a parameter which will be determined later. 
The term %(t) can also be written as Xs(t) - 6(t) where Xs(t) is the position of the 
liquid surface. The period of growth of the stratified layer, called the initial period, is 
then defined by 0 5 % 5 Xs. A later period is then defined by 0 5 XB 5 Xs,i where xs 
is the iocaicon of the iiquid surface at X()(t) = 0. In the later period equation (1) is re- 
placed by 
, I  
where equations (1) and (4) are matched at to corresponding to %(t) = 0 by the condi- 
tion that f(b) = F(tO). 
In order to solve for the unknowns, f(t), F(t), Xs,z,  6(t), and n, an  equation fo r  the 
energy balance for the system and an equation for the energy balance between the boundary 
layer and the wall heating are used. 
the transformation. 
For convenience, the variable Xs is introduced as the independent variable through 
L .  
where L is the initial liquid level, Wp is the flow rate, p is the density of the propel- 
lant, and A(t) is the cross-sectional area of the propellant tank. 
in the following section. 
The equations which result from the theory and their numerical solution are discussed 
NUMERICAL SOLUTION OF EQUATIONS 
Of the unknowns, f(t), F(t), Xs,l, 6(t), and n, the equation for  n is the most 
straightforward and is given by 
4 
n = 4 -  - 1 
where 8, is the temperature rise across  the boundary layer. 
boundary -layer theory. 
Equation (6) was developed from the vertical-flat plate turbulent free-convection 
The solutions for and 6(X ) both come from the same equation which is % 2 S 
+ . . .  
(n + 1) (n + l)(n + 2) (n + 1) (n + 2)(n + 3) 
L J 
where Cp is the specific heat at constant pressure of the fluid, qw(X) is the wall heat 
flux, and a is the surface area of the tank. Let 
q,(X) dX 
dX 
As will be seen later s ( X s )  is essential input information for the computer code. 
the limits L and Xs,2.  Noting that 6(L) = 0 leads to the following equation: 
To solve for Xs, 2 ,  integrate both sides of equation (7) with respect to Xs between 
+-- . . .  
(n + l)(n + 2) (n + l)(n + 2)(n + 3) 
Noting that 6(X, 7 )  = X,. gives the following equation 
5 
+,z -[ s,z ]  1 
% . E  
(n + l)(n + 2) 
+ 
(n + l)(n + 2)(n + 3) 
- ... 
Equation (9) can now be put in a form suitable for solution in the computer code by letting 
the left side be ZL(Xs,z) and the right side be ZR(XS,,), then 
This equation is solved in the computer code by iteration, that is, by letting 
and continually readjusting X 
integration involved for determining Z (X ) is performed within the code by using a 
straightforward Simpson's rule integration. 
€&(Xs) on the right and taking the derivative on the left gives, 
until R(Xs, 2 )  becomes sufficiently close to zero. The 
5 7 2  
R S, I 
Equation (7) is also used, as mentioned previously, to calculate 6(Xs). Substituting 
2 6(xs)A' (Xs) 3&j2 (Xs)A1' (Xs) 
+-- 
(n + l)(n + 2) (n + I)(n + 2)(n + 3) 
62(Xs)A"(Xs) 63(Xs)A'11 4,) 
+ 
(n + 1)(n + 2) (n + l)(n + 2)(n + 3) 
Solving for 6'(Xs) from equation (12) and using a Taylor series expansion for  6(Xs - AXs) 
about Xs, neglecting all but the first two te rms ,  gives the expression for 6 4 ,  - AXs) 
used in the computer code 
6(Xs - AXs) = 6 4 , )  - 6'(Xs)AXs (1 3) 
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The remaining unknowns are calculated by solving the following equations for f(Xs) 
l and F(Xs) 
and 
! 
I 
I where 
a(",) = JxsA (X)dX + l L b  (X)dx 
S 
n X 
a(Xs) = 'A(X)dX - lXs - x  - ") A(X)dX 
xs, 1 
and qn(Xs) is the nuclear o r  internal heating rate per unit volume. 
following equation: 
The second integral indicated in equation (18) for  a(Xs) is approximated by the 
7 
where 
L - xs 
AxS 
M =  - 1  
Both quantities f(X, - AXJ and F(XS - A X  may he expmded ir, ?r. Taylcr szries 
0 D S 
about Xs. Neglecting all but the first two terms of each series and solving for df/dXs 
and dF/dXs from equations (14) and (15), respectively, give the following expressions 
which a r e  used in the code: 
USING CODE 
The quantities C&(Xs) and Qn(Xs) that appear in the previous equations are essen- 
tial input to the computer code. The values needed as a function of Xs are obtained 
from two subroutines WALL and NUC which are written by the code user  for the heating 
configuration of concern. 
The computer code was written specifically for a propellant tank with the geometry 
described in table I. The code may also be used for a cylindrical tank with a spherical 
bottom by letting Ro = R1 = d = X - 3 = X3. However, the code may be rewritten for 
propellant tanks with other geometries. To do this, new solutions for variables which 
depend on A(Xs) must be developed. This is a straightforward process especially in 
situations where there are only two or three different geometric regions. 
output for the existing code. 
The following lists contain the essential input information and a description of the 
8 
X 
x 3  
X2 
X1 
Regiona 
TABLE I. - PROPELLANT TANK GZOMETRY 
Equation of tank 
profile, R(X) 
Cross-sectional area, A(X) 
X1 = Ro (& - l ) /d  
X2 = d - R l / a  
X3 = d 
aRegions are 
X + R o ( d  - 1) I ++ + Z R , ( a -  l)X + RifcTZ- 1)2] 
[R: - (d - X)2]”2 IT[-$ + 2dX + - d q  
R1 I 4 
bfined by tangent point. 
Geometrj 
Sphere 
Cone 
Sphere 
Cylinder 
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Input Instruct ions 
The input data for  the computer code is entered in the following manner: 
Card 1 
Card column Variable Format Remarks 
1-72 TITLE (I) (12A6) Any hollerith identification information 
Cards 2, E ; ,  8, etc. 
1-4 N 
5-8 NN 
9-12 NNN 
Cards 3, 6, 9, etc. 
1-8 
9-16 
17-24 
25-32 
33-40 
41-48 
49-56 
57-64 
65-72 
73-80 
10 
RO 
R1 
D 
x1 
x2 
x3 
WP 
AL 
CONST 
QWl 
(814) Number of intervals in Simpson's rule integration 
fo r  determining Xs,l. Must be odd number. 
U s e  N = 11 
Number of time steps in later period. Use 
NN 5 50 
Number of time steps in later period. Use 
NNN? 50 
(10E8.4) Ro (see table I), f t  
R1 (see table I), f t  
d (see table I), f t  
X1 (see table I), f t  
X2 (see table I), f t  
X3 (see table I), f t  
Wp, flow rate, lbmass /sec 
L, initial liquid level, ft  
Constant sometimes used to vary heating rates. 
Use 1.0 
Average w a l l  heat flux, Btu/(sec)(ft ) 2 
Card 4, 7, 10, etc. 
Card column 
1-8 
9-16 
17-24 
25-32 
33-40 
41-48 
49-56 
57-64 
65-72 
73-80 
Variable Format 
RHO (10E8.4) 
BETA 
AMU 
C P  
AK 
TREF 
GLIL 
Y 
XAMB 
POWER 
Remarks 
p, density of propellant, lbmass/ft 3 
Coefficient of thermal expansion of the propei- 
lant, %-' 
Viscosity of the propellant, lbmass/(ft) (sec) 
C , specific heat at constant pressure of the 
propellant, Btu/?R) (lbmass) 
Thermal conductivity of propellant, 
Btu/(sec) PR) (ft) 
es, saturation temperature rise, OR 
P 
g, acceleration due to gravity, ft/sec 2 
Axial point in tank at which temperature history 
is desired, f t  
Axial position of starting point of the boundary 
layer, f t  
Constant sometimes used for varying heating 
rates. Use 1.0 
AS mentioned previously the integrated heating curves s ( X s )  and Qn(Xs) are also 
necessary input. Ordinarily, these curves a re  described in the subroutines WALL and 
NUC with tables of values of % o r  Qn as  a function of Xs. The heating values are 
then determined from these tabular a r rays  by interpolation. However, at the option of 
the user ,  a n  equation o r  any other means may be used to describe the curves Q, and 
Qn as a function of Xs. Communication with the main computer code is mainted through 
the two variables XXX and YYY which appear in common. The variable XXX corre-  
sponds to a n  axial coordinate, such as Xs, and YYY corresponds to a heating rate, 
such as in WALL or  Qn in NUC. The sample problem, presented in appendix B, 
gives one example of how these subroutines are used. 
11 
Line 
1 
2 
3 
Variable 
AL 
RO 
R1 
D 
XI 
x2 
x 3  
WP 
GLIL 
RHO 
BETA 
AMU 
C P  
AK 
TREF 
CONST 
XAMB 
v1 
v2  
OUTPUT 
Format Remarks 
(9E13.5) Same as input 
Same as input 
Same as input 
Same as input 
Same as input 
Same as input 
Same as input 
Same as input 
Same as input 
(9E 13.5) Same as input 
Same as input 
Same as input 
Sameas input 
Same as input 
Same as input 
Same as input 
Same as input 
Same as input 
(8E13.5) Volume in region of tank between 
3 0 5  x 5  xl, f t  
x1 5 x 5  x2, f t  
Volume in region of tank between 
3 
12 
Line Variable Format Remarks 
v 3  
v 4  
T1 
Volume in region of tank between 
3 x25  x s  x3, f t  
Volume in region of tank between 
3 X3 5 X I  AL, f t  
Time required to outflow V4, sec  
T2 Time required to outflow V3, sec 
T3 Time required to outflow V2, sec 
T4 Time required to outflow V1, sec 
4 PR (8E 13.5) Prandtl number, dimensionless 
GT Grashof number divided by 
H Heat transfer coefficient, Btu/(ft2) (sec) eR) 
ETA n, dimensionless 
XSL xs , l ,  f t  
POWER Same as input 
Y Same as input 
5 ,6 ,7 ,  . . . , last line TIME (10E13.5) t, sec 
ACAP 
f(Xs) o r  F(Xs) for the initial o r  later period, 
respectively , dimensionless 
b(Xs)/a(Xs) o r  y(Xs)/a(Xs) for the initial 
or later period respectively, ft-l 
13 
Line Variable Format Remarks 
or  
BCAP A (XS)&,(XS) 
Cpwp~sa(Xs) 
CPWP% 0 (xs) 
A(XI) [Q&) + Qn(Xs)] 
for the initial o r  later period respectively, 
1 
QWAL 
QNVC 
VOLUME 
DEL 
SAMPLE CALCULATION 
The sample problem described is for a 33-foot-diameter nuclear-rocket propellant 
tank of liquid hydrogen with a geometry as shown in table I. The pressure head corres-  
ponds to the pressure difference of 22.3 to 15.0 psia. This is equivalent to a temperature 
rise of 2.53' R o r  TREF = 2.53' R. The flow rate is 3000 pounds mass per second. 
The heating rates ,  QNVC and QWAL correspond to nuclear radiation heat deposition in 
the propellant, and nuclear radiation heat deposition and ambient heating of the tank 
wa 11s , re spec t ive ly . 
the computer listing in appendix B. A flow chart for the computer code is presented in 
figure 2. Note that the two subroutines, WALL and NUC, in the program listing are also 
input information. A plot of the resulting exit temperature history is presented in fig- 
ure 3. Typical running times average around 0.04 minute per case on a n  IBM 7094II/7044 
direct-couple system. 
The remaining input is presented in table 11. The output for this calculation follows 
Lewis Research Center, 
National Aeronautics and Space Administration, 
Cleveland, Ohio, December 20, 1967, 
121-30-01-07-22. 
14 
15 
0 X VI 
N 
AI 
X" 
f x m- x"' -
16 
17 
APPENDIX A 
SYMBOLS 
Engineering FORTRAN 
symbol 
a 
A 
A' 
A" 
A"' 
b 
cP 
d 
F 
f 
i 
L 
M 
n 
Qn 
QW 
% 
qW 
RO 
R1 
R 
T 
Tb 
Ti 
18 
symbol 
A 
AR, ARE, AREA 
DAR, DARE, DAREA 
DDAR, DDARE 
B 
C P  
D 
FXS 
FXS 
AL 
AN, ETA 
QNVC 
QWAL 
TEST 
RO 
R1 
Definition 
variable defined by eq. (18) 
cross-sectional area of propellant tank, f t  
first derivative of A with res-pect to Xs 
second derivative of A with respect to Xs 
third derivative of A with respect to Xs 
variable defined by eq. (17) 
2 
specific heat at constant pressure,  Btu/FR) (lb mass  ) 
see table I, f t  
variable defined by eq. (15) 
variable defined by eq. (2) 
index used in summation in eq. (21) 
initial liquid level, f t  
upper limit defined in eq. (21) 
parameter defined by eq. (6) 
integrated nuclear heating, Btu/sec 
integrated wall heating, Btu/sec 
nuclear heating rate per unit volume, Btu/(sec)(ft2) 
wall heat flux, Btu/(sec) (ft2) 
remainder defined by eq. (11) 
see table I, f t  
see table I, ft 
temperature, OR 
bulk temperature, OR 
initial temperature of fluid, OR 
TS 
t 
wP 
xO 
x1 
x2 
x3 
XS 
xs ,t 
zL 
zR 
X 
01 
6 
6' 
Y 
c1 
$ 
P 
a 
8 
'b 
OS 
OW 
TIME 
W P  
XI 
x1 
x2 
x3 
xs 
XSL 
Y 
A 
DEL 
DELPR 
DELXS 
B 
AMU 
RHO 
TEMP 
TREF 
Tw 
saturation temperature corresponding to ullage pres  - 
sure ,  OR 
time, sec 
time when bottom of stratified layer first reaches X = 0, sec 
flow rate, lbmass/sec 
position of bottom of stratified layer, f t  
see table I, f t  
see table I, f t  
see table I, f t  
liquid level, f t  
liquid level at t = to, f t  
axial position in propellant, f t  
equivalent to left side of eq. (9) 
equivalent to right side of eq. (9) 
variable defined by eq. (19) 
stratified layer thickness, f t  
first derivative of 6 with respect to Xs 
change in liquid level in one time interval 
variable defined by eq. (20) 
viscosity, lbmass/(ft) (sec) 
defined by eq. (3) 
density, lbmass/ft 3 
2 surface area of tank, f t  
temperature rise (T - T ~ ) ,  OR 
temperature rise of bulk fluid (T - Ti), OR 
saturation temperature r i se  ( T ~  - T ~ ) ,  OR 
temperature rise across  boundary layer, OR 
19 
APPENDIX B 
PROGRAM LISTING AND SAMPLE FOR TEMPERATURE PROFILES 
Computer List ing 
A TkC - EFN SCURCE ST4TEHENT - I F N t S I  - 
C 
c 
C 
x 2 2  = x 2 * x 2  
X i ?  = r i i+ ) r i  
x 9 2  = rz*n' 
x 2 3  = ) r z z * a ?  
V I  = A l * X 1 3 / 3 o + R l * X 1 2 / f o  
V 2 
V 3 
= 
5 
A 2 / ?  .* ( X 2  3-X 1 7  1 +B2/2. * (X2 i - X l 2  )+C 2+ 4 X Z - X l )  
A 3 1 3  * N3 2 - X Z  2 1 +C 3* ( X 3 - X 2  1 X q  3 - X 2  3 1 +B 312 * 
V 4  = C 4 + ( A L - X 3 )  
R k P  = RHO/CrP 
T I  = V4*RWP 
T i  = V ? * R C P  
1'1 = V 2 * R h P  
14 = V I * R Y P  
A l N  = A F i + l ,  
A 2 N  = A N + r ^ .  
A l N  = b N + 3 .  
4 h 2  = bN1/42N 
Ah3 = d N 2 / A 3 N  
B F T A C  = I./(CP*UP*TREF*bNl) 
XXW = XANR 
C b L L  WdLL 
OWX = Y Y Y  
A N I  = 1 o i 4 1 N  
C A L C U L A T E  X S L  
N Y S L  = 0 
M = N - 1  
M N  = M-1 
A I N C R  = 2 . * ( A L - X 3 )  
X C P R ( 1 )  = X 3  
A I N C R  = A l h C R * . 5  
1 G  D E L X S  = ( A L - W T P R ( l ) ) / F L C A T ( r )  
DT I 1  T = l t M  
11 X $ P R I I + I )  = X S P R ( I ) + E E L X S  
Dc 12  I = l * N  
X X X  = W S P R t I )  
I F ( X X X . G T . W A C S )  GO TC 2 1 2  
Qk(1) = 0.C 
GC TO 12 
2 1 2  C E L L  W4LL 
OW( I )  = PFh'ER* (YYY-CWX)  
1 f CCNTINUF 
1 F t N X S L . t T . C )  GO TO FC 
qC W1 = O W ( l I * C W ( N )  
w z  = 3.0  
ne 13 J = 2 , P , 2  
13 W2 = W Z + L . C * Q W ( I )  
W3 = 0.c 
C C  14 I = l r P N * t  
1 4  W? = W?+2.0*0W(I) 
k = U l + k i + C ?  
O F L  = R E T b C * l n E L X S / Z . C ) * U  
I F f N X 5 L . G T . C )  GO T O  P9F 
T F S T  = f l E L - X C P R ( 1 )  
7 6  I F  ( A R Z ( l F S T ) - . C C l l  l P i l P * 1 5  
21 
A T H C  - E F N  SCURCE S T b T E M E N T  - I F N I S I  - 
1 5  K N N  = K N k t l  
l F ( K N N o G E o 5 C )  GO TO 25 
I F (  T E S T  116.18r 1 7  
I F ( I N X S L o F C ~ l ~ o A N O o ( K h N . E 0 , 2 ) )  GC T C  82  
IF( ( N X S L . E C . 2 ) . d N D o t K N N . F a , 3 ) )  GC TC 8 3  
16 I F ( K N N . F C . 1 )  GO TO e l  
X S P R ( I )  = # S P R ( I ) - C . S * A I N C R  
17 X S P R ( 1 )  = X S P R ( 1 ) + C O 5 * A I N C R  
GC TO 10 
7 5  XCL = X S P R ( I 1  
CC TO 26 
PI N N S L  = 1 
X S P R t 1 )  = X 2  
A I N C R  = i 0 * I X 3 - X 2 )  
GC TO 10 
8 2  NYSL = 2 
X C P R ( 1 )  = % l  
A I N C R  = 2 . * ( X 2 - X 1 )  
GC Tn 10 
8 3  NXSL = 3 
X ( P R ( 1 )  = C.0 
cr TO IO 
4 1 N C R  = 2 0 * X 1  
cr TO IO 
R C  nc ~4 I=~.N 
7 = X S P R ( 1 )  
I F ( 7 . G E . X 3 ) G f l  7 0  P 5  
I F ( Z . C E 0 X 2 I G O  TO 86 
I F I 7 . C F . X l ) G O  TO e7 
GC TO 8A 
GP TO E A  
R C  L P t I )  = A ? * Z * Z + B 3 * Z + C 3  
G O  TO 8R 
B F  A P t I )  = C 4  
9 P  C C N T I N U F  
R 4  CCNTINUE 
GI: TO 89 
A 9 9  I f ( W S P R ( l ) . F E . X ? I  GO T C  9 5  
I F ( X S P R t I ) . G E . X 2 )  EO TO 96 
I F ( X S P R t l ) . C E . X l )  GO TO 9 7  
OAR = P 1 2 * ( - X 5 P R ( l  ) + A l l )  
O r b R  = -PI2 
C @  T f l  99 
D r A R  = P l 2  
GC TO $9 
D C L R  = - P I 2  
GO TO $9  
L R ( I )  = b i * 7 * 7 + ~ i * t  
8 7  a p ( r )  = A Z * Z * Z + B ~ * Z + C ~  
owtr) = CV(I)*AR(I) 
9 7  C 4 R  = P l i * ( X S P R ( I ) + R C * c C 2 1 I  
96 C b R  P I i * ( - X S P R I l ) + D )  
9 5  C L R  = C.0 
22 
A T F C  - EFN SCURCE S T b T E M E N T  - I F N ( S )  - 
T F 5 T  = DEI-27 
G C  TO 76  
1 P  X C L  = X S P R ( 1 )  
c 
C X S L  C A L C U L A T I O N  F I N I S H F O  
c 
3 6  7 F T A 1  = A N l + X S L  
Z f T A 2 = A N 2  * I S L * X S L  
7 F T A 3  = A N 3 * I S L * X S L * X S L  
b L P H 8 N  = FI2*7ETA3 
B E T A N  = F I i * Z E T A 2  
C-BMHAY = F 1 2 * R O + I E T A 1  
F T A N  = R C * P E T A N  
CEI. = 0.C 
D E C X S  = ( A L - X I L ) / F L O A T ( N N )  
H R I T F  (69110) A L , R C v R l r C * X l r X 2 r I 3 r Y P . G L I L  
W R I T E  
W R T T F  ( 6 r I l d )  V l i V 2 * V 3 9 V 4 r T l r T Z r 1 3 r 7 4  
W R I T E  ( 6 9  1 IC 1 P R I G T v T W ~ H V E T A  . X c L * P C k E R  r Y  
H R I T E  ( 6 . 1  18)  
f t r  1 1 2  1 R H O *  BFTA r A H U r C P *  ~KITP€FICONST,OW 1 * Y A P @  
X C  = A L  
GC. TI! 19 
F X S  = C . 0  
OOWAL = C.0 
N Z  = c) 
A = V l + V i + V 3 + V 4  
P 4 N 1  = R E T A C * A N L  
R = - O W A L * C 4 * R A N 1  
ACAP = B / A  
B C b P  = C 4 * C N V C + B A N I / A  
2 0  x s  = X S - C E L X S  
1 4  x x x  = x s  
2 0 1  O E L P R  = - B E T A O * Q W A L  
C 
C C A L C U L A T E  H F A T I N G  R A T E S  
C 
C L L L  W A L L  
I F  ( X S - X A C B I  7 1 9 7 1 9 7 2  
7 1  O N X  = Y Y Y  
O k X  = 0.c 
G C  TG 7 3  
7 2  O h X  = C.C 
O U A L  = P C U E R * ( Y Y Y - Q W X l  
GC TO 7 7  
7 3  CWAL = 0.C 
77 C L L L  NUC 
ONVC = P O k E R * ( Y Y Y + C O h S T + C N X + C W X )  
x c 7  = X S * I S  
X C 3  = V S i * Z S  
I F ( X S . G T . A L - O F t X S / Z . )  GC T O  2 0 1  
I F ( X 5 . C T . F I )  GO T O  S C  
I F ( X S . G T . Y Z 1  GO T P  9 1  
T F ( X S . C T . X l )  GO Tc! 92 
ARE = 4 1 * X S 7 + 9 1 * X S  
C P R F  = P I Z * ( - X S + R O )  
t C b R €  = -PI2 
23 
ATHC - FFN S C U R C E  S T A T E M E N T  - I F N ( S )  - 
GC 
c 
C 
c 
C 
4 6  Pt- 
I F  
I F  
C V E G A  = b l * Y S 3 / 3 . + @ 1 * X 2 2 / 7 .  
T I M F  = T l + T i + T ? + R W P * ( V l - C H € 6 A )  
cc TO 9 4  
9 7  A R E  = ~ ~ * ~ s z + R ~ + x s + c ~  
C b R E  = P I Z * ( X 5 + R O * S C S I  1 
C C I R E  = P I 2  
O P F G A  = V l i A 2 * ( ~ S 3 - X l 1 ) / 3 . + R 2 + ( r S 2 - X 1 2 1 / 2 . + C 2 * ( X S - X 1 )  
T IMF = 
GC TO S 4  
P C Q F  = P I ? * ( - X S + D )  
C C I R F  = - P I 2  
T I M F  = T I + R Y P * ( V l + V ? + V 3 - n M E t r !  
T 1 + T  2+R UP*  ( V I  +V2-OMEGb 1 
91  ARE = A 3 * X S Z + R 3 * X S + C 3  
OCFGA = V l i V 2 + A 3 + (  )1S3-X22) /?.+@?I*( X S Z - r 2 2 ) / 2 . + C 3 * ( X S - X 2 )  
C C  TO 94 
Q C  4 R F  = C 4  
D C R F  = C.C 
C C l l R F  = 0.C 
f Y E G A  = V l + V 2 + V 3 + C 4 * ( X S - X 3 )  
T I H E  = C 4 * R k f l * ( b L - X S ) / h P  
94 a R E a  = A R E  
CCREb = C b R E  
I F  ( X S L - N C )  27r32.46 
c 
c CALCULATE I N I T I b L  P E R I O O  
c 
2 3  CCNTINUF 
0 EL = O E L - D E L P R * D € L  XF 
D E L P R  = - ( b R E * @ A N 1 * O W I L + O E L * C A F E * A N I - D E L 2 * C C b R E * A N 2 ~ / ~ A R E * ~ N ~ ~ ~ ~ * D  
D E L 7  = CEC*DEL 
1 F L * C A R € * b N i + 3 . * D E L Z * C D B R F * A N 3 )  
I F ( C F L . C E . # S I D E L = X Z  
X I  = X S - D F L  
@ P  = R 
R = -ARFL*CWAL*RANI 
Q C W A I  = C O h A L - ( e + R P ) * D E L X S / 2 ,  
A = C M E G I - C Q W A L  
F X S  = FXS+(BCAP-ACbP*FNS)*OELXS 
ACAP = @ / A  
3 P  0 = ( b R E b * C N V C ) / ( C P * W P * T R E F )  
e c b p  = Q / a  
I F  ( V - X I )  4 0 r 4 0 r 4 2  
4C. TEMP = T R € F * F X S  
4 2  T F H l  = ( ( Y - X I ) / D E L ) * * A h  
GC T O  44 
T F H P  = T R E F * ( F X S * ( l o O - T E M l  ) i ( T E l r l ) )  
4 4  I F ( T F M P , C F . T R F F ) T € C P  = T R F F  
W R I  T F  ( 6  9 120 ) T I M E  *TEMP.  X S F X S  9 ACA P t  BC b F  t Q W b L *  ChVC tCWEGA9 DEL 
TO 20 
I N I T I b L  P E R I O O  FIhlShEO 
CALCULblE F I N A L  P E R I O D  
= ( 1  . -XS /XSL  )**AN 
XS,LE.X I )  GO T O  4(! 
X S . L E . X i )  GO TO 50 
ATPC - EFN SOURCE STATEMENT - I F h ( S )  - 
I F ( X S . L E o X ? )  GO TO 5 2  
X S ' X  = ( X S - X 3 ) / X S L  
F 3 3  = ( 1 . -XS 3X )**A'N 
F 2 3  = ( 1 . - X S ? X  )**A2N 
E?2 = ( 1  .-1S2Y )**A3N 
F 2 2  = ( 1  . -NS2X)**A2N 
F 3 1  = ( I . - N S l X ) * * A 3 N  
si: x c 2 x  = ( X S - N 3 ) / X S L  
S C  X S l X  = O f Z - X l ~ / ~ S L  I 
~ 2 1  = ( I . - X S I X ) * * A ~ N  
E = C  = ( I . - ~ s x ) * * A ~ N  
4 P  x z x  = X C / X C L  
I F 7 C  = ( I . - Z S X ) * * A Z N  
F 1 0  = ( l . - X S l o * * A l N  
IF(XS-GT.X?) GO TO 5 4  
IF(XSoGT.X2) GO TG 515 
IF(XS.CT.Xl) GO TC 5 e  
IF(XS.GT.C.) GO TO 6C 
G C  TO 2 
B = 7 E T P 1 * C A R E 4 + B E T A N * ~ 1 ~ C - E Z O ~ - G A ~ ~ A N * E l O - P H I ~ b ~ E b  
hC A = O Y E ~ C - Z E T A 1 ~ A R E P t 7 E T A 2 * C A R E A - A L P H A N * ( - l . O + € 3 @ ~ - F T A N * E Z C  
GC T e  ti: 
58 A = f l Y E G P - Z E T A 1 + A R E 4 + Z E T A 2 * C A ~  Eb-bLPHAN* ( 1  -0-2 .C*E?1+E30 )-ETPN*EZO 
R = 7 F T A I * C P R F A + B E T 4 N * ~ - l , C + 2 . C * E 2 l - E ? O ~ - G A ~ ~ A F * E 1 ~ - P H I * A R E A  
cc  TO 6 2  
56 A =. @ H E G A ~ Z E T A l * A R E P + Z E T A Z * C A R E P ~ b L P H A N * ~ ~ l ~ O + 2 ~ O * E 3 2 ~ 2 ~ ~ * E 3 1  + 
1F301 - € T A K * E Z O  
R = ZFTPl*CbREA + @ E T A N * ( l . C - 2 . C * F 2 2 + 2 ~ 0 * E 2 l - E 2 C ) - G A C H 4 N * E l O -  
1 Pi- I*AREA 
GC TO c 2  
B = R F T A N * ~ € 2 3 - 2 . C * E 2 7 + 2 ~ 0 * € 2 1 - € 2 ~ ~ - G A ~ ~ A N * ~ l ~ - P H 1 ~ A R F A  
5 4  A = OMFGP-ZETA I * A R  Eb-bLPHAk*(-E33+2 O * E 3  2-2.0* E3 1+E30 )-ETAN*FZO 
E 2  0 = (AREA*(CNVC+QWbL 1 )  / (CP*kP*TREF ) 
IF(N7,GT.O)GO TO 7 C C  
ACAP = B/A 
NZ = 1 
e c a p  = 9 1 4  
A C P P  = p i a  
2QC FYS = F X S + ( R C A P + A C b P * ( I , C - F r S )  )*OFLXS 
RCAP = O / A  
T F  ( Y - X S I  C4*(54166 
04 TEMP = TREf*(FXS*(I.O-(l.C-(XS-Y)/XSL)**bN)+(loC-~XS-Y ) / X S L  1 **AN) 
GI? 10 0 8  
6 6  TFHP = TREF 
h e  IF1TFMP.CF.TREf )TFlrP = T R F F  
WPITF (6 9 1 2 C  ) T I H F q  TEPP. XSqFXS v b C A P q B C A P  (QWIL vCFVC9CPEGA 
CELXS = %SL/FLCAT(NNh)  
FFC 
t c  i n  2c  
25 
SCPROUTINE W A L L  
CCWMCN x n x  . Y V Y  
Y Y Y  = 5 o 5 1 5 5 8 9 * ( X X X / 3 3 . C - Z 7 o C / 6 4 , t )  
l F ( X X X . L E o 1 3 . 9 2 1 9 )  Y Y V  = C o C  
P FTURN 
FhD 
26 
Sample 
AL R O  R I  0 X I  
0.716C4E c ?  C.4S742F 01 C.1650CE C2 C,?1269€ C2 0.14584E O L  
RHO RE TA APU CP nu 
0.4310CE C I  C.1OOOOF-Cl C.7400GE-CS C.25500E C L  0.35000E-05 
V I  V Z  V 3  v 4  11 
C010022E C Z  C.lC167E C4 0.83153E C4 0.43C51E C5 C.61851F 03 
PR c.1 TU H ETA 
0.53914F 0 1  C.4C191E 1 7  C.29534E C C  0.25395E-C2 Co33266E C2 
T l M F  
0.19741E C 1  
0.3948,IE C 1  
0.59722E C L  
0.7f I962E C!: 
0.9P703F 01 
0.11844E C? 
C'e1'81PF C7 
r . 1 5 7 4 7 ~  02 
0.17767E C2 
0.19741F C7 
0.71715E C7 
C.75663F CZ 
0.27C37E C? 
0.3158C.F C 7  
r . 7 3 6 8 9 ~  c 2  
0.7961 IF a 2  
r .35537F 07 
0033559F C7 
0.775n7F 07 
0.1S4ElF C7 
C.4142CF C7 
0.4540?F C ?  
0.49751F C7 
0.51??CF C7 
0.5370CF 0 2  
0.sK274E C7 
C.5774FF 0 7  
0.59222E 02 
C.C. l I9fF C2 
0.6717CF C2 
O.hC144F 0 2  
C.6SC92F 07 
0.71066F 03 
C.7304CF 0 7  
0.76988F C? 
b.789hiF 0 2  
C.RC936F C2 
C.8291CF C Z  
o.e4eecE c z  
0.P6859F c 7  
?.8883?F C? 
0.9C8C7F 07  
0.92781F Ci? 
0.9475*F C7 
(7.4145cF C2 
0.47377E 0 2  
0.67118E 02 
0.7KP14F C2 
CaS672SF 0 2  
0.9P703F 07 
CoICC6eF 0 3  
0.10765F 03 
0.1C462E C1 
OolC660F 0 3  
TC YP 
0 159n AF-02 
0.3 1857E-82 
C .638 6 i F - i Z  
C.96074E-C? 
0.1 1223E-C 1 
0.14468E-01 
0.1771 1E-CI 
0 193b8F-CI  
0.2 10 10F-c 1 
C .2?657E-CI 
0.243C RE-C 1 
0.25Sb3F-0 1 
0.2762 3E-C I 
C.292RRE-Cl 
0.?0957F-01 
C -343C8E-C 1 
0. ?E991F-01 
C - 3  1 6  78E-C 1 
C.39371E-01 
C.47848E-C2 
C 7 9 9  5 6E- 0 2  
C.17844E-01 
C.16097E-Cl 
C . ?i670E-O 1 
C.41067E-01 
C -42769E-C 1 
C.44475E-Cl 
C.46186E-CI 
C .47902E-@l 
C.4S623E-01 
C a 5  1348E-C 1 
c .53079€-Cl 
c 5 4 8 1 4 ~ - C  1 
C.56554E-CI 
C.51299F-01 
C -6C050E-CI 
OoC1805E-01 
C.63565F-01 
C -6533  1E-Cl 
C .67101F-C1 
C.7C657F-Cl 
C - 7  244 3E-C 1 
C .76031F-C1 
C . 6P8 77E-C 1 
C.74235E-Cl 
C.77833F-Cl 
C 7564OF-C1 
C -8145  ?F-01 
C.8527CE-CI 
C -8 5094F- 01 
C .€6922F-O1 
C.8P757F-01 
C . q C  5q6E-C 1 
C .9 i447F-C1 
x s  
C.71443E ( 2  
Co71783E C Z  
Co71122E C2 
0.70961E C2 
Go7C8CIE C2 
0.70640E C2 
C.70479E ( 2  
C.70158E ( 2  
C.69837E C2 
C.0967hE CZ 
C.69516E C Z  
0.69355E C2 
0.69194E C2 
C.69034E C2 
C.68873E C2 
0.68712E C2 
0.6E552E C2 
0.68230E CZ 
0.70319E CZ 
0.69997E C2 
c . 6 8 3 9 1 ~  c2  
0.68C70E C2 
CeC7909E C2 
0.67748E C2 
C.67427E C2 
0.67266E C2 
0.671C6E C7 
C.66784E C2 
C.66624E C2 
4.66463E CZ 
C.66302E C2 
0.66142E C2 
0.65SFlE C2 
C.65821E C2 
0.C5499E C? 
0.65339F C ?  
C.65178E CZ 
CotSCL7E C2 
C.C4857E c 2  
0.C46T6E C2 
0.64535E C2 
a . 6 7 5 8 8 ~  c 2  
r . 6 6 9 4 5 ~  c 2  
0.6566CE CZ 
Co64175E C2 
0.64214E C2 
C.t4053F C2 
C.C3EF?F (2 
C.63732F C2 
0.63571E C? 
O 0 t ? 2 5 0 E  C2 
0 . 6 3 4 1 1 ~  c 2  
c .6 -4ce9~ c 2  
r . 6 2 9 2 9 ~  c 2  
FOCS1 ACAP 
C. 6 28  77E -C 3 -0 37 1 29 E-04 
C 1 2  5 9  2E-C 2 -0 3 7 3 2 2 E-04 
C. 1891?F-C? - ! ! . 3 ? 3 ? G E - C 4  
0.25 24  9E-0 2 -0 3 7 3C 7 E-04 
C - 3  1 6  C3E-02 -C 3 7  300 E-04 
0.37974E-02 -0m372SZE-04 
0.4436 1E-02 -0 37285E-04 
C.50766E-02 -0.17278E-04 
C.63626E-02 -0.37203E-04 
0.76554F-02 -0.37248E-04 
C.89553F-02 -0.37232E-04 
a. 5 7  1 8  ~ ~ - 0 2  -0.37270~-04 
0.7008 1E-02 -0 -37255E-04 
0.83045E-CZ -0.37240E-04 
0.96078E-02 -0.37225E-04 
0 .  10262E-01 -0.37217E-04 
0.10918E-01 -C.372C9E-04 
a. 1 1 5 7 6 ~ - 0 1  -o.37201~-04 
0.12 236E-01 -0 37  193E-04 
0.12897E-01 -0.37185E-04 
C o  1 3  561E-01 -0 3 71 77E-04 
0.14226E-01 -0.37169E-04 
C. 1 4 8 9  3E-01 -0.37 16 I E-04 
C - 1 5 5 6  1E-0 1 -0.371 53F-04 
C. lh232F-01 -0.37145E-04 
C 0 169C5E-0 1 -0 3 7  1 3 7  E-04 
C o  17579E-01 -0 3 7 1  29E-04 
0.18255E-01 -C e3712C)E-04 
0.18934E-01 -C.37112€-04 
a. 19614~-01 - 0 . 3 7 1 ~ 4 ~ - 0 4  
c . ~ o ~ s ~ E - o ~  . ~ ~ c s ~ E - o ~  
0 20 9 8  OE -0 1 - C  3 I C  8 7  E-04 
C.21666E-01 -0.37078E-04 
C.23043E-01 -C.37C61E-04 
0.24429E-01 -C037043E-C4 
0.22 3 5  3F-0 1 -0.37C 70 E-C4 
C.23735F-Cl -0.37052E-04 
0 2512  5F-0 1 -C. 37035E-04 
Co25822E-01 -Co37026€-04 
0 026522E-0 1 - 0  0370 17 E-04 
0 -27224E-0 1 -C.  370C 8E-04 
0027928E-01  -0.16999E-04 
0028634E-01 -0.36990E-04 
C. 29342E-01 -0 - 3 6 9 8  1 F-04 
C. 30052E-01 -0.36S72F-C4 
0.30764 F-0 1 -0 3 6 9 6  3 E-04 
0.3147eE-01 -0.36953F-04 
Co321S5F-01 -0.36944F-C4 
0 3 2 9  13E -0 1 - C  3 6 9  3 5 E-04 
0.33 6 3  4E -0 1 -0 0 1 69 2 5 E-04 
0.34 35 7E -0 1 -0 3 6 9  16 E-04 
0.35082F-01 -0*369C6F-@4 
C. I h  5 38F-01 -0 36RA7 E-C4 
C.358C9E-01 -0.36857E-C4 
output 
x2 x 3  kP GLIL 
Co96C30E 0 1  0.21269E 02 Co3CCCOE C3 0.32200E 02 
I TREF CONST O W 1  XAnB 
0.25300E 0 1  O o l C O C O E  C 1  C.750OOE-C3 Co140CCE 02 
I 
T2 T 3  74 
0.11946E 03 0.22226E 02 Co43132E 00 
XSL POWER Y 
I 
0.73434E 0 1  0.10000E 0 1  C. 
BC AP 
1 0.3924 1E-02 
0 3934 3E-02 
0 3944 6E-0 2 
0.3955 OE-02 
0 e 3 9 6 5 4 E- 0 2 
0.39758E-02 
0 39 86 3E-02 
0 3996 9E-0 2 
I 0.40076E-02 
0.40 182E-0 2 
0 -40 290E-02 
0 -4039 8E-0 2 
0.4050 7E-02 
0.406 16E-02 
0 -40 72 5E-0 2 
0 40836E-02 
0 0 40 94 7 E- 0 2 
0.4 1058E-02 
0 4 1 17 1 E- 02 
0 -4 128 3E-02 
0 0 4 139 7 E-0 2 
0.41511E-02 
0 e4 162 6E-0 2 
0 -4  174 1 E-02 
0 4 185 7E- 02 
0.4197 3E-02 
0-42091E-02 
0 0 4 2 20 S E-0 2 
I 
1 
- .--I-.- n.. 
l J . - r - c r . .  "L 
0 4 2446E-02 
0 4 256 6E-02 
0 04 268 7E-02 
0 042808E-02 
0 0 4 2 93 OE-0 2 
0.43053E-02 
0.43 176E-02 
0043300E-02 
0 04 342 5E-0 2 
0.43550E-02 
0043677E-02 
0 4 3 80 4 E-02 
0.43931E-02 
C.44C60E-02 
0 44 189E-02 
0 e44 319E-0 2 
0 -4445 0 E-02 
0.44581E-02 
0.4471 3E-02 
0 -44846E-02 
0 4498 0 E- 0 2 
0.45115E-02 
0.45250E-02 
0.4538 7E-02 
0.45524E-02 
QUAL 
0.44665E 01 
0144540E 0 1  
0.44415E 0 1  
0.44290E 01 
0.44165E 0 1  
0.44040E 0 1  
0.43915E 01 
0043790E 0 1  
0.43665E 0 1  
0.4354OE 0 1  
0.43416E 0 1  
0.43291E 0 1  
0.43166E 0 1  
0.43041E 01 
0.42916E 01 
0042791E 01 
0.42666E 0 1  
0.42541E 0 1  
0.42416E 01 
0.42291E 01 
0042166E 0 1  
0.42041E C 1  
0.41917E G 1  
0041792E 01 
0.41667E 01 
0.41542E 01 
0.41417E 0 1  
0.41292~ a i  
n 1 . 1 1 1 7 ~  n i  .,- 
0.41042E 0 1  
0.4C917E C 1  
004C792E 01 
0.4C667E C l  
0.40542E 0 1  
0.40418E C 1  
0040293E C 1  
0.40168E 0 1  
Go40043E 0 1  
0.39918E 0 1  
0.39793E 0 1  
0.3S668E 0 1  
0.3S543E 0 1  
0.34418E 0 1  
0.39293E 0 1  
0.39168E C 1  
0039044E C 1  
0038919E 0 1  
Q.3e754E c 1  
0038669E 0 1  
0038544E C 1  
0.38419E C 1  
0038254E 0 1  
0038169E 01 
0038044E C 1  
QNVC 
C.46952E C3 
0.46952E C3 
0.46952E C3 
Go46552E C3 
C.46552E C3 
0.46552E 03 
C.46952E C3 
Ce46452E 03 
0.46452E C 3  
0.46552E C3 
Cm46552E C3 
0.46952E C3 
0.46952E C3 
C.46952E C3 
Co46952E C3 
Co46952E 03 
C.46552E C3 
0.46S52E C3 
C.46952E C3 
0.46952E 03 
Ce46952E C3 
C.46952E C3 
C.4t952E c3  
C.46'452E C3 
C.46952E C3 
C.46952E C3 
C.46952E 03 
Co46952E C3 
U.46552E C3 
Co46952E 03 
C.46952E C3 
Co46952E C3 
Co46952E C3 
Co46452E C3 
Co46952E C3 
0.46952E C3 
C.46952E C3 
C.46952E 03 
Co46952E 03 
0.46952E C3 
0.46952E C3 
C.46952E C3 
C.46952E 03 
C.46952E C3 
Co46952E C3 
C.46S52E C3 
C.46952E C.3 
t.4t952E C3 
0.4t452E C3 
0.46952E C3 
G.46952E C3 
0.46952E C3 
Co46952E C3 
C.46952E 03 
VOLUME 
Co52876E C 5  
Co52739E 05 
Co526ClE C5 
0.52464E 05 
C.52326E 05 
O-52189E 05 
Co52052E 05 
0-51914E 05 
Co51777E 05 
C.51639E 05 
Co515C2E 05 
Co51365E 05 
C.51227E 05 
C o S l O S C E  05 
0.50952E 05 
0.50815E 05 
Co50678E 05 
005C540E 05 
0.50403E 05 
0.50265E 05 
0.50128E 05 
C.4999CE 05 
C049853E 05 
C.49716E 05 
C.49578E 05 
Ce49441E 05 
C.49303E 05 
C.49166E 05 
C.49C29E 05 
C.48891E 05 
C.48754E 05 
0.48616E 05 
C.48479E 05 
0.48342E 05 
C.48067E 05 
0.47929E 05 
0.47655E 05 
C.47380E 05 
C.47242E 05 
C.471C5E 05 
C.46968E 05 
C.46693E 95 
C.46555E 05 
C.482C4E 05 
Go47792E 05 
0.47517E 05 
0046830E 05 
Co46418E 05 
Co46281E 05 
0.46143E 05 
C-46006E 05 
0.45868E 05 
C.45731E 05 
C045594E 05 
DEL 
0.12139E-01 
0025443E-01 
0.38111E-01 
0.50744E-01 
0.6334 1E-C 1 
0 075902E-01 
0.88428E-01 
0010092E 00 
0.11337E 00 
0.12579E 00 
0.13818E 00 
0.15053E 00 
0.16284E 00 
0.17512E 00 
0.18736E 00 
Co19956E 00 
0.21173E 00 
0.22387E 00 
0.23597E 00 
0.24803E 00 
Co26006E 00 
0.27206E 00 
0.28401E 00 
0.29593E 00 
0130782E 00 
0.31967E 00 
0.33149E 00 
0.34327E 00 
0.35501E 00 
0.36672E 00 
0.37839E 00 
0.39003E 00 
0.40163E 00 
0.41320E 00 
0.42473E 00 
0.43623E 00 
0.44769E 00 
0.45911E 00 
0.47050E CO 
0.48186E 00 
0.49317E 00 
0.50446E 00 
0.51570E 00 
0.52691E 00 
0.53809E GO 
0c54923E 00 
0.56034E 00 
0.57140E 00 
0.58244E 00 
0.59344E 00 
0.604406 CO 
0.61533E 00 
0.62622E 00 
0.63707E 00 
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AL 4 0  
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RHO RE T4  
0.431@CE c 1  C.10073F-CI 
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0.12239F 03 0.1C741F C O  
O . l 2 4 3 i €  C3 C.IC930E 00 
0 e 1 2 6 3 4 E  0 3  O . 1 1 1 Z l E  00 
0.1ZA31E 03 C.11312E C O  
Co13029E C3 C.11503E C O  
0.1372CF 0 3  O o l l t 9 5 E  00 
0013424F 03 C.l lR88F OC 
0.13671E 03  C.1208lE 00 
0.13818F 03 0.12275F CO 
r . 1 4 0 1 t ~  c3  0 . 1 2 4 6 9 ~  oc  
0014213E 03 C.12665E 00 
0.14411F 03 0.1286CS O C  
0.146CFF C3 0.13057E G O  
0.148C5F C3 C.13254E C O  
C.15003E 03 0.17451E 00 
0.1520CE C 3  0.13650E 00 
0 . 1 5 3 9 e ~  c 7  0 . 1 3 a 4 8 ~  co 
0.15595E C3 0.14048F 00 
0.1579iF 03 C.14248E C C  
0.16187F C3 C.14651E C C  
Co159FCE C3 C.14449F C C  
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OolC582F 03  C.15056E 00 
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R 1  
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0.65 198E-01 -0 36483E-C4 
C.66022E-01 -0 .3647OFC4 
C.66848E-01 -0.3t458E-C4 
C.6851OE-01 -0.36433E-04 
C.69345E-01 -0.36420E-C4 
C .7 10 2 4F-0 1 -0 3 6394  E-04 
0.71868E-01 -0.36381E-04 
C 7 27 15E-C 1 -0 36 368 E-04 
0.73564E-01 -0.36355E-C4 
0.744 17E-0 1 -0.36342F-C4 
C. 752  73E-0 1 -0 - 3 6 3  29 E-04 
0.76132E-01 -C.36315E-04 
0.76994E-01 -0.36302E-04 
0.778596-01 -0a36288E-04 
0.7R727E-01 -0.36274E-C4 
0.67678E-01 -0.16445E-C4 
0.70183E-01 -0.36407E-C4 
30 
x2 ' C.96C30E 0 1  
TR EF 
0.25300E 0 1  
T2 
0.11946E 03 
XSL 
~ 00734342 0 1  
BC AP 
C a4566 2E-02 
C 45 80 1 E-02 1 0.45940E-02 
0.4608 1E-02 
C.46222E-02 
004636 4E-02 
C -46507E-02 
0 4665 1E-02 
0 46796E-0 2 
0 46 94 2E-0 2 
0 47C 8 8E-0 2 
0 0 4723 6 E-0 2 
0 47384E-02 
C 47 5 3 4E-0 2 ! 0.47684E-02 
0 4 7 8 3 6 E-0 2 
C.4758 E€-02 
' 0 48 14 1 E-02 
I 
I 
I 
I 
C. 4829 5E-02 
0.4e45 1 ~ - 0 2  
0 48 60 7E-02 
004P764E-02 
0 04892 2E-0 2 
0049082E-02 
C 4924 2E-02 
0.49404E-02 
0 49 566E-02 
C 49 730 E-0 2 
0 49894E-02 
C 50C6 C E-0 2 
Co50227E-02 
0 5 0 39 5 E-0 2 
C 5C 56 4E-G2 
0.5C734E-02 
0 50 90 5 E-02 
0.51C78E-02 
0.5.1251E-02 
0 51426E-02 
0 5 160 2E-0 2 
C.5 1779E-02 
0 5195 8E-G2 
C - 5 .  2138E-02 
0 C 23 18E-0 2 
0 m5250 1E-02 
0.52684E-C2 
o . 5 2 e 6 9 ~ - 0  2 
0 5.305 5 E-0 2 
C 0 L 324 2E-02 
Co53431E-02 
C 0 5362 I E-0 2 
0 -5381 ?E-G2 
0.54C05E-02 
0 54 199E-C2 
x 3  
0.21269E 02 
CONST 
O o l C O C O E  C1 
1 3  
0.22226E 02  
POWER 
0.1COOOE G 1  
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0.37794E C 1  
0.37919E 0 1  
0.37669E 0 1  
0.37545E 0 1  
Co37420E C 1  
0.37295E 0 1  
0.37170E 01  
Co37045E 01 
0.36920E 01 
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0.36670E C 1  
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0.33672E C 1  
0.33547E 01 
0.33422E C 1  
0.33297E 0 1  
0.33173E C 1  
0.33048E 0 1  
0032923E C 1  
0032798E G 1  
0.32673E C 1  
0.32548E G 1  
0.32423E 0 1  
0.32258E 01 
0.321736 01 
0.32048E 0 1  
0031923E 01 
0.31799E C 1  
0.31t74E C 1  
0.31549E C 1  
0.31424E C 1  
kP 
C.3CCCOE C3 
O W 1  
C .75CCOE-C3 
Y 
C .  
CNVC 
0.46952E C ?  
Co46952E 03 
0.46952E C3 
0.46'352E C3 
C.46852E 03 
Ce46S52E 03 
Co46952E C3 
C.46952E 0 3  
Co46952E 03 
Co46952E C3 
Co46952E C3 
Co46952E C3 
C.46952E C3 
C.46952E C3 
C.46952E 03 
0.46852E 03 
C.46452E C3 
0046952E C3 
C.46952E C3 
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G L I L  
Co32200E 02 
XAWB 
Co140CCE 02 
VOLUME 
Ce45456E 05 
Co45319E 05 
Co45181E 05 
Co45044E 05 
Co44906E 05 
Co44769E 05 
Co44632E 05 
C.44494E 05 
C044357E 05 
Co44219E 05 
Co44082E 05 
C043945E 05 
C.43807E 05 
0.43670E 05 
0.43532E 05 
0.43395E 05 
C.43258E 05 
C.43120E 05 
0.42983E 05 
Co42845E 05 
C.427CBE 05 
Co42571E 05 
0042433E 05 
Co42296E 05 
0.42158E 05 
Co42C21E 05 
C.41884E 05 
0.41746E 05 
C.416C9E 05 
G.41471E 05 
Co41334E 05 
C.41197E 05 
C.4G922E 05 
0.40647E 05 
C.40510E 05 
C.40372E C5 
C.40097E 05 
C.39960E 05 
C.39823E 05 
C039685E 05 
C.39548E 05 
C.39410E 05 
C.39273E 05 
C.39135E 05 
C.38861E 05 
C.41059E 05 
C.4C784E 05 
0.40235E 05 
0.38998E 05 
Co38723E C5 
0.38586E 05 
C.38448E 05 
C.38311E 05 
DEL 
0.64790E 00 
0.65868E 00 
0066943E 00 
0.68014E 00 
0.69082E 00 
0.70147E 00 
0.712076 00 
0o72265E 00 
0.73318E 00 
0.74368E 00 
0.75415E O b  
0.76458E 00 
0.77497E 00 
0.78533E 00 
0.79565E 00 
0.80594E 00 
0.81619E 00 
0.82641E 00 
0.83659E 00 
0.84674E 00 
0o85685E 00 
0086692E 00 
0.87696E 00 
0088696E 00 
0.89693E 00 
0.90687E 00 
0.91676E 00 
0.92662E 00 
C.93645E 00 
0.94624E 00 
0.95599E 00 
Co96571E 00 
C.97540E 00 
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0.99466E 00 
0o10042E 0 1  
0.10138E 0 1  
0.10233E 0 1  
0.10328E 0 1  
0.10422E 0 1  
0.10516E 0 1  
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0.10703E 01 
Oe10796E 0 1  
0.10888E 0 1  
0.10981E 0 1  
Ce11072E 0 1  
0.11164E 0 1  
0.11255E G 1  
0.11346E 0 1  
0.11436E 01 
0.11526E 0 1  
0.11616E 0 1  
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